Introduction {#s1}
============

Hepatocellular carcinoma (HCC) is the most common primary malignant tumor of the liver and is the fourth leading cause of cancer-related death in the world.^[@R1]^ HCC is seventh most common cancer in men and the ninth in women.^[@R2]^ However, the increased prevalence of HCC in communities with a high risk, in men is higher than women.^[@R3]^ HCC is an aggressive malignancy with poor prognosis. Current chemotherapeutic drugs are not effective to control tumor growth and drug resistance is a common problem in a successful therapy. Therefore, novel approaches in chemotherapy may be needed to improve the survival rate in patients with HCC.^[@R4]^ The treatment with anti-angiogenic agents may be a promising approach to treat HCC. Angiogenesis is a complex process that is based on cooperation between various cells, such as pericytes, endothelial cells, fibroblasts and smooth muscle cells.‏ These cells produce a variety of cytokines and growth factors that interact with other cells or with the extracellular matrix and affect migration, proliferation and angiogenesis.^[@R5]^ Angiogenesis plays a key role in tumor growth, progression and metastasis. This uncontrolled growth is well established in many tumors such as ovarian,^[@R6]^ lung,^[@R7]^ colon,^[@R8]^ prostate,^[@R9]^ brain^[@R10]^ and lymphoid^[@R11]^ tumors. Inhibition of angiogenesis may be a valuable method for controlling cancer. Without angiogenesis, tumor growth potentially is limited due to lack of blood flow and proliferation factors. Metastatic potential of tumors develops through the increased angiogenesis. This process was performed by disrupting the balance between of pro-angiogenic and anti-angiogenic factors via increasing the presence of pro-angiogenic factors such as VEGF.^[@R12]^ Some studies on angiogenesis inhibitors in animal models showed that angiogenesis inhibition can destroy many types of tumors.^[@R13]^ Two strategies used in the development of anti-angiogenic agents include exogenous angiogenic inhibitors such as monoclonal antibody against VEGF, and endogenous inhibitors such as endostatin and angiostatin.^[@R14]^

Metformin is one of the oldest and most commonly used drugs in the treatment of type 2 diabetes that reduces blood sugar by decreasing insulin resistance, with no effect on insulin secretion.^[@R15]^ Serious side effects of this drug are rare and mostly due to the simultaneous presence of other diseases in diabetic patients, and not by the drug itself.^[@R16]^ Recently, several studies have shown that metformin may reduce the risk of liver cancer.^[@R17]-[@R19]^ Metformin interfere with glucose metabolism that leads to changes in the intracellular pathways. One of these changes is the increased expression of the enzyme 5\' adenosine monophosphate-activated protein kinase (AMPK) in liver cells by which the mammalian target of rapamycin (mTOR) protein was inhibited.^[@R20]^ It is known that increased expression of the protein mTOR leads to the increased expression of the transcription factor hypoxia-inducible factor 1-alpha (HIF1α) and this factor increases the intensity of vessel endothelial growth factor (VEGF).^[@R21]^ Therefore, metformin indirectly increase VEGF. VEGF is a 45 kDa glycoprotein that increases angiogenesis and vascular endothelial cell proliferation. VEGF is one of the strongest and most important angiogenic factors in the body. VEGF is one of the most important angiogenesis factors that was overexpressed in many cancers.^[@R22]^

Rapamycin is known as an antibiotic and with a mechanism similar to metformin, inhibits mTOR and ultimately reduce VEGF expression. This drug is used as an immune suppressor to prevent organ rejection after liver transplantation.^[@R23]^ Recently, several studies have shown that rapamycin in combination with other medicines reduced proliferation of HCC cells in vitro and animal models.^[@R24],[@R25]^

Considering above evidences it can be concluded that drugs of metformin and rapamycin may indirectly reduce the expression of VEGF and subsequently decrease angiogenesis in cancerous tissues. Because the major effects of these drugs on liver cells, in this study, we evaluated the effect of these two drugs on VEGF expression and the cell proliferation in the liver carcinoma cell line.

Materials and Methods {#s2}
=====================

Cell culture {#s2-1}
------------

The Human liver cancer cell line, HepG2 (ATCC HB-8065, Manassas, USA) was cultured in RPMI-1640 medium (Thermo Fisher Scientific, Massachusetts, USA), contained 10% fetal bovine serum (Invitrogen, Darmstadt, Germany) and 100 U/mL penicillin/streptomycin (Invitrogen, Darmstadt, Germany) in a CO2 incubator at 37°C for 48h as a pre-culture. The treatment program included concentrations of metformin (Sigma, Munich, Germany) (0, 5, 10 and 20mM) and rapamycin (Sigma, Munich, Germany) (0, 5, 10 and 20nM) at different times (12, 24 and 48 h).

MTT assay {#s2-2}
---------

Cell viability after drug treatment was investigated by a standard colorimetric assay using 3-(4 5-dimethylthiazol-2-yl)-2 5-diphenyltetrazolium bromide (MTT) reagent (Sigma, Munich, Germany. First, 5,000 cells were seeded in 100 μl medium in a 96-well plate (Thermo Fisher Scientific, Massachusetts, USA) and incubated at 37°C with 5 % CO2 for 24 hours before adding drugs to allow cell adhesion. Then the medium was removed and cells were washed with 50 μl Phosphate-buffered saline (PBS) that was then removed. Following cells were treated in triple tests with the different concentrations (0, 5, 10 and 20 mM of metformin and 0, 5, 10 and 20 nM of rapamycin) at different times (12, 24 and 48 h). 50 μl MTT solution (5 mg/ml in PBS) was added to each well and was incubated for 3 h at 37°C. The optical density was then measured at 570 nm using ELISA Plate Readers (BioTek, Winooski, USA).

Quantitative real-time PCR {#s2-3}
--------------------------

Total RNA was extracted by the Trizol reagent (Thermo Fisher Scientific, Massachusetts, USA) according to manufacturer's protocol. First-strand complementary DNA (cDNA) was synthesized using SuperScript III First-Strand Synthesis System (Thermo Fisher Scientific, Massachusetts, USA) according to the manufacturer's instrument. The specific primers for VEGF were forward 5′-GGGCACTGCCTGGAAGATTCAG-3′ and reverse 5′-CTTCTCTTCGCCGGGACATCTG-3′, and for Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were forward 5′-GGTGGTCTCCTCTGACTTCAACA-3′ and reverse 5′-GTTGCTGTAGCCAAATTCGTTGT-3′, which were designed by GeneRunner software (version 5; Hastings, USA) and were reviewed in BLAST websites. Quantitative Real-time PCR was performed in triple tests in a detection System (Line-Gene K, BIOER, Hangzhou, China) by a real-time PCR kit (Thermo Fisher, Massachusetts, USA) as previously described.^[@R26]^ PCR conditions started at one step initial denaturation (95°C for 3 min), followed by 40 cycles (95°C for 20 sec, 60°C for 20 sec, and 72°C for 20 sec). VEGF and GAPDH mRNA level were expressed as the cycle threshold (Ct) values. VEGF mRNA level normalized against GAPDH mRNA level and was calculated by 2^--ΔCt^ method.^[@R27]^

Elisa assay {#s2-4}
-----------

To determine VEGF protein level, 5×10^3^ HepG2 cells were seeded in a 96-well plate and were treated with the different concentrations at different times. VEGF concentrations were then measured by ELISA (Abcam, Cambridge, USA) for each well as previously described.^[@R28]^

Apoptosis index calculation {#s2-5}
---------------------------

HepG2 Cells were fixed by Paraformaldehyde (Sigma, Munich, Germany) and stained by 4′,6′-diamidino-2-phenylindole dihydrochloride (DAPI) reagent (Sigma, Munich, Germany) according to the manufacturer's protocol. Cells were then investigated under a fluorescent microscope (Nikon, Shanghai, China) at a 100x magnification. Cells were counted in 10 randomized selected microscopic fields in which apoptotic cells were characterized by condensation, nuclear shrinkage and fragmentation. The apoptosis index (AI) percentage was calculated using the following formula: AI (%) = (apoptotic cells/total cells) × 100%.^[@R4]^

Statistical analysis {#s2-6}
--------------------

The experiment Data are expressed as the mean ± standard deviation. Data were analyzed using GraphPad software (version 6; San Diego, CA, United States). The difference between variables was performed by Student's t-test or one-way ANOVA test. A P value less than 0.05 was considered statistically significant.

Results and Discussion {#s3}
======================

Metformin and rapamycin decrease cancer cells viability {#s3-1}
-------------------------------------------------------

To evaluate the effects of metformin and rapamycin on HCC cells growth in vitro, cell viability of HepG2 Cells was assessed by MTT assay following treatment with metformin and rapamycin in various concentrations and at different times. MTT data showed that mean IC50 values from 3 independent experiments in times of 12, 24 and 48 h were 2.63 ± 0.52, 3.77 ± 0.69 and 3.74 ± 0.71 for metformin, and 3.83 ± 0.82, 3.54 ± 0.85 and 4.14 ± 0.91 for rapamycin. Results showed that both metformin and rapamycin inhibited the growth of HepG2 cells in a dose-dependent manner (p \< 0.05) ([Figure 1](#F1){ref-type="fig"}). It was also found that the lowest cell viability was seen in concentrations of metformin (10 mM) ([Figure 1](#F1){ref-type="fig"}A) and rapamycin (10 nM) in 24 hours after treatment ([Figure 1](#F1){ref-type="fig"}B). In addition, it was found that in combination with different concentrations of the two drugs, lowest survival cell viability was seen also in concentrations of metformin 10mM and rapamycin 10nM in 24 hours after treatment ([Figure 1](#F1){ref-type="fig"}C).

Figure 1MTT assay for analyzing HepG2 cells viability after treatment with metformin and rapamycin.**(A)** Metformin has reduced hepatocarcinoma cells survival by about 50% in concentration 10 mM. **(B)** Rapamycin has reduced cells survival by about 60% in concentration 10mM. **(C)** The lowest survival is associated with cells treated by the combination of metformin 10mM and rapamycin 10 nM.

Rapamycin but not metformin decreases VEGF gene expression in HepG2 cells {#s3-2}
-------------------------------------------------------------------------

To study the inhibitory effects of metformin and rapamycin on HepG2 cells growth, we examined the expression of *VEGF* gene, in cells treated with metformin (10 mM), rapamycin (10 nM) and the combination of two drugs after 24 hours. Our results in [Figure 2](#F2){ref-type="fig"} showed that metformin has no significant effect on *VEGF* gene expression in the treated HepG2 cells compared to the untreated cells. In contrast, rapamycin significantly reduces the *VEGF* gene expression in HepG2 cell line in comparison with untreated cells (p = 0.012). The combination of two drugs has also no significant effect on *VEGF* gene expression in HepG2 cells ([Figure 2](#F2){ref-type="fig"}). Moreover, to confirm VEGF expression analysis, we determined VEGF protein level in HepG2 cells treated with two drugs and the results are shown in [Figure 3](#F3){ref-type="fig"}. These results showed that metformin has no significant effect on *VEGF* gene expression in treated HepG2 cells.‏ In contrast, Rapamycin significantly reduces the *VEGF* gene expression in HepG2 cells (p = 0.013). The combination of two drugs has also no significant effect on *VEGF* gene expression in treated HepG2 cells in comparison with untreated cells ([Figure 3](#F3){ref-type="fig"}).

Figure 2Quantitative real-time PCR for investigation of *VEGF* gene expression in HepG2 cells. Rapamycin but no metformin, significantly reduces the *VEGF* gene expression in the treated HepG2 cells in comparison with untreated cells. Metformin and rapamycin were used in concentrations of 10mM and 10nM respectively.

Figure 3Elisa assay for determination of VEGF protein level in HepG2 cells. Rapamycin but no metformin significantly reduces the VEGF protein level in the treated HepG2 cells than untreated cells. Metformin and rapamycin were used in concentrations of 10mM and 10 nM respectively.

Metformin and rapamycin induce cell apoptosis {#s3-3}
---------------------------------------------

To investigate whether metformin and rapamycin induce cellular apoptosis, HepG2 cells were incubated with metformin (10mM), rapamycin (10nM) and the combination of two drugs at the same concentration. After 24 hours, nuclear morphology by DAPI staining was assessed ([Figure 4](#F4){ref-type="fig"}). The results in [Figure 5](#F5){ref-type="fig"} showed that the apoptosis index in the treated cells with both drugs was significantly higher in comparison with untreated cells (p \< 0.001).

Nowadays the use of VEGF pathway inhibitors in the angiogenesis is considered as a therapeutic strategy against cancer with a clinical validation.^[@R12]^ In this study, we suggested that these agents should be used in combination with other therapeutic agents.^[@R29]^ Therefore, further studies are needed to understand the effective combination therapies in reducing tumor angiogenesis and drug resistance. Despite significant advances in the control and treatment of malignant tumors, the search continues for new treatments and drugs. In this way, considering the molecular pathways involved in tumor growth and identify ways to control these pathways has attracted a more attention. The two drugs, which have been provided with specific molecular targets, are metformin and rapamycin. These two drugs indirectly inhibit expression of VEGF.^[@R24]^ Therefore; it was assumed that these two drugs lead to reduced VEGF expression and subsequently to inhibit angiogenesis in tumors. Our results in this study showed that rapamycin but not metformin inhibits *VEGF* gene expression in HepG2 cells. Different effects of metformin treatment on gene expression can be due to several factors as mentioned in the Dallaglio et al. study in which they observed a paradoxical effect of metformin on endothelial and cancerous cells in the control of angiogenesis. They also concluded that effect of metformin on VEGF expression in each cell might be different.^[@R30]^ These differences are probably due to the difference of cancerous cells in the resistance to a specific drug. The Miyoshi et al. in a study has shown that metformin inhibits angiogenesis in hepatocyte carcinoma cell line with no effect on VEGF expression.^[@R31]^ The results of cell viability assay showed that metformin and rapamycin decrease cancer cells viability in HepG2 cells. This may be due to indirectly decrease of VEGF and subsequent activation of the phosphorylation of extracellular signal regulated kinase 1 (ERK1) and ERK2 as previously described.^[@R32]^ In agreement with our study, the Wang et al. showed that rapamycin reduces VEGF expression. They found even a low dose of rapamycin is sufficient to prevent the progression of HCC tumors.^[@R33]^ According to this study, it can be concluded that metformin can inhibit angiogenesis, but in the regulation of *VEGF* gene expression may demonstrate a dual effect. This dual effect probably depends on factors such as the type of cell, the duration of treatment, the drug concentration and other different signaling pathways. Confusion in this study may be due to the effect of combining the two drugs on VEGF expression. It seems that VEGF expression level in cells treated with the combination of two drugs is approximately equivalent to the average of expression level in cells treated with either drug separately. Although more comprehensive studies are needed to clarify it.

Figure 4The nuclear morphological changes in HepG2 cells after treatment with metformin (10 mM) and rapamycin (10 nM). **(a)** The control cells showed intact nuclei with uniform shape and size. **(b)** Arrows indicate apoptotic bodies observed at 40X magnification under an inverted fluorescence microscope.

Figure 5Apoptotic index analysis in the treated HepG2 cells with metformin (10 mM) and rapamycin (10 nM). Apoptosis index in the treated cells with both drugs (separately and in combination) was significantly high in comparison with untreated cells.

Conclusion {#s4}
==========

The differential effect of metformin and rapamycin on VEGF expression calls into question the use of mTOR inhibitors to target angiogenesis. Further analysis of the molecular pathways affected by both drugs may lead the authors to define new therapeutic strategies. This information may help to design a combination treatment to increase the efficacy of metformin and rapamycin in HCC.
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